The effect of moxalactam and cefuroxime on mitogen-stimulated human peripheral blood mononuclear leukocytes was studied. Mononuclear leukocytes, mitogen, and antibiotic were added to microtiter wells. Cells were cultured for 3 days, pulsed with tritiated thymidine, and then counted. Compared with control cell cultures, treated cultures showed phytohemagglutinin responsiveness to be depressed by the addition of moxalactam at concentrations of 25 to 200 j.g/ml (P < 0.001) and by cefuroxime at concentrations of 50 to 200 ,ug/ml (P < 0.02 to P < 0.01). The depressive effect on blastogenesis was less marked when concanavalin A was used. Unstimulated lymphocyte transformation responses were also depressed by both antibiotics at all concentrations (P < 0.05). Preincubation of mononuclear leukocytes with antibiotic for 2 h, followed by washing and culturing in an antibiotic-free medium, did not depress transformation response. When antibiotic was added 24 h after mitogen, depression of response was insignificant.
The immunomodulating effects of several classes of antimicrobial agents have been studied by a number of investigators (1-3, 5-9, 12, 13, 15, 16) . Rifampin has been shown to produce a dose-dependent suppression of human lymphocyte transformation response to the nonspecific mitogen phytohemagglutinin (PHA) , to inhibit secretion of lymphocyte migration inhibition factor, and to suppress skin hypersensitivity to tubercule bacilli (8, 12, 13) . Among the tetracyclines, doxycycline and minocycline, but not oxytetracycline or tetracycline, suppress PHA and pokeweed mitogen human lymphocyte transformation responsiveness (2, 16) . Nitrofur- antoin and fusidic acid cause significant depression of mitogenic responses at a concentration of 10 Fg/ml (16) . Penicillins, including benzylpenicillin and carbenicillin, do not inhibit lymphocyte transformation responsiveness at concentrations of up to 50 ,ug/ml (16) . However, several cephalosporins, including cephalothin, cephradine, cephalexin, cefamandole, cephapirin, cefazolin, and cefoxitin, produce a dose-dependent reduction in the lymphocyte transformation response to PHA, pokeweed mitogen, and concanavalin A (ConA) (5 200 Fg/ml. In these experiments, the antibiotic remained in the cultures throughout the entire culture period. Neither antibiotic at the concentrations used affected the pH of the culture medium.
To the above cell cultures was added medium alone or medium containing PHA or ConA (Difco Laboratories, Detroit, Mich.). The final volume of the culture was 0.2 ml per well. PHA and ConA were added to give optimal concentrations of 160 and 60 ,ug/ml, respectively. Microtiter plates were then incubated at 37°C for 3 days in a common humidified atmosphere of 5% CO2 and air. Cells were pulsed for the terminal 5 h of incubation with 0.25 ,uCi of tritiated (3H-labeled) thymidine 
RESULTS
Effects of antibiotic addition to unstimulated and mitogen-stimulated MNLs. The effects of the addition of moxalactam or cefuroxime to unstimulated and mitogen-stimulated MNLs are shown in Table 1 . Both cefuroxime and moxalactam caused significant depression of transformation response when added to unstimulated cell cultures as compared with control cell cultures (P < 0.05 for all concentrations of both antibiotics). With PHA-stimulated cell cultures, moxalactam caused a significant depression of response at all concentrations as compared with control cell cultures (P < 0.001 for all concentrations). Cefuroxime also caused a significant depression of response at concentrations of 50 (P < 0.02), 100 (P < 0.02), and 200 (P < 0.01) ,ug/ml. Cefuroxime 100 ,ug/ml for 2 h. The cells exposed to moxalactam for 2 h were subsequently washed twice and cultured in antibiotic-free medium for 3 days with or without mitogens.
Effect of MNL responsiveness with moxalactam addition after mitogen. We examined mononuclear cell transformation responses occurring with the addition of moxalactam concurrently with, or at 2, 24, 48, and 72 h after, the addition of PHA. The addition of moxalactam at concentrations of 50, 100, and 200 ,g/ml 2 h after the addition of PHA resulted in 20, 40, and 70% reductions in uptakes of tritiated thymidine as compared with uptakes in control cell cultures without antibiotics. This depression was similar to that of mononuclear transformation response seen when moxalactam and PHA were added concurrently. However, when moxalactam was added 24 h or more after the addition of the mitogen, depression of responsiveness was insignificant except when 200 ,Lig/ml was added 24 h after the addition of the mitogen (45% of control without antibiotic).
DISCUSSION
The results of these studies demonstrate that two new P-lactam antibiotics, moxalactam and cefuroxime, caused a dose-related depression of transformation response in unstimulated and mitogen-stimulated MNLs.
Previously, Chaperon and Sanders (5) reported that several cephalosporins, including cephalothin, cephradine, cephalexin, cefamandole, cephapirin, cefazolin, and cefoxitin, produced a dose-related reduction in lymphocyte response to PHA, pokeweed mitogen, and ConA. With the exception of cefamandole and cephalothin and possibly cephradine, these effects occurred at concentrations that exceed therapeutic serum levels. In the present study, the concentrations of moxalactam and cefuroxime which caused significant depression of MNL responsiveness are achievable in the serum when these agents are used clinically.
The mechanism of the observed depression is unclear. Cell viability studies in which the trypan blue exclusion method was used revealed that neither antibiotic affected viability at the concentrations used in the experiments. An MNL transformation remain to be determined. In situations in which short-term antibiotic therapy is being used for acute infections, adverse effects on host defenses are unlikely. However, in situations in which long-term antibiotic therapy is required, the immunosuppressant effects observed may be clinically important.
